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SHAPED FIELD MAGNETRON ELECTRODE 

BACKGROUND OF THE INVENTION 

The present invention relates to apparatus for mag 
netically enhanced bias sputtering and plasma etching. 

Sputter coating is a well-known technique for coating 
a substrate with material eroded from the cathode of a . 
low pressure gas electrical discharge (glow discharge) 
created between a cathode and an anode maintained at 
a suitable voltage difference in a low pressure gas atmo 
sphere.‘ A glow discharge contains an abundance of 
positively charged ions formed by collision of electrons 
with atoms of the low pressure gas. The resulting ions 
are‘attracted to the negatively charged cathode, which 
they impact with considerable energy. This ion impact 
dislodges cathode surface atoms which will then con 
dense on, and thereby coat, the surface of any object 
placed near the cathode. 

Since sputtering is a low pressure process, it must be 
carried out in a hermetically sealed chamber, which is 

' ?rst evacuated and then back-?lled with a suitable sput 
tering gas, usually argon, and maintained at the proper 
sputtering pressure, typically 5 to 40 millitorr. 

In many coating applications a substrate to be coated 
is placed on the anode of the gas discharge, since the 
anode is usually directly opposite the cathode, in a suit 
able location for coating by dislodged cathode atoms. 
Most sputtering systems use an anode at ground poten 
tial and apply a large negative voltage to the cathode; 
the grounded sputtering chamber then becomes an aux 
iliary anode. 

Bias sputtering is a modi?ed sputter coating tech 
nique in which a bias potential, usually negative, is 
applied to the substrate which is to be coated. This bias 
potential causes some of the gas discharge ions to be 
attracted to the substrate during the deposition process. 
The ion impact can produce desirable changes in the 
nature of the sputter coating. An important use of the 
bias sputtering technique is in the so-called reactive 
sputtering process. During reactive sputtering, a chemi 
cally active gas, such as oxygen or nitrogen, is added to 
or substituted for the usual inert sputtering gas (e.g., 
argon). Reactive species of such active gas are created 
in the glow' discharge region, along with the usual 
argon ions, and these species react with sputtered target 
atoms deposited on the substrate to form a desired com 
pound. The reactive sputtering technique thus permits 
sputtering from a pure metal target, aluminum for exam 
ple, to produce a compound coating on the substrate‘ 
(e.g., aluminum oxide or aluminum nitride). Reactive 
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sputtering has economic advantages because the sput- _ 
tering rate from a metal target is much higher than from 
a target composed of the metallic compound. 

Bias sputtering, by placing a negative potential on the 
substrate, increases the chemical reaction rate by, 
among other things, attracting the positively charged 
reactive gas species or ions. Substrate biasing has a 
limitation, however, because ion bombardment can also 
cause undesirable substrate heating and gas ion implan 
tation in the coating. Thus, the problem is to obtain a 
large flux of low-energy ions (energy levels of 20 to 100 
electron-volts) which are sufficient for the chemical 
reaction process'at the substrate surface, without get 
ting a signi?cant amount of high-energy ion bombard 
ment. 

The same need to generate a large flux of low-energy 
ions is found in other plasma processes, such as plasma 
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2 
etching. Plasma etching is becoming increasingly im 
portant because it is superior to wet chemical processes 
for etching microscopic features, when used in conjunc 
tion with a suitable etch mask, in the' manufacture of 
silicon integrated circuits. Present day very large scale 
integrated circuits (V LSI circuits), such as are used for 
semiconductor memories and processors, require a 
manufacturing capability to etch patterns having mi» 
cron and even sub-micron dimensions. 
The typical pattern etching procedure involves ?rst 

applying a ?lm of a photosensitive, X-ray sensitive, or 
electron-beam sensitive polymer (called a photoresist, 
X-ray resist, or electron-beam resist, according to the 
type of sensitivity) on the surface of a previously depos 
ited layer which is to be etched. This polymer film is 
then selectively exposed to sensitizing radiation through 

.a selectively opaque pattern or by modulated beam 
scanning. 

Subsequent development of the exposed portions of 
the resist causes either the exposed or the unexposed 
portions to be removed, depending on whether the 
polymer is a positive resist or a negative resist. In either 
case, the resulting etch mask permits selective etching 
away of the portions of the underlying layer from 
which the resist was removed during development. 
This layer is usually a metal or a dielectric which serves 
some electrical function in the integrated circuit. 
When etching is completed, the remaining resist ma 

terial is removed by a resist stripping process, leaving 
behind the unetched portions of the underlying layer in ’ 
the desired pattern. An integrated circuit is produced 
by repeated sequences of layer deposition, resist appli 
cation, exposure, development, etching, and resist strip 
ping. 

Basic to each of these plasma processes is the creation 
of an electrical gas discharge (plasma) by imposing a 
direct current (dc) voltage or, preferably, a radio fre 
quency (rt) voltage between electrodes in a space occu 
pied by a normally non-reactive gas at low pressure. 
Energetic electrons emitted from the negative electrode 
(i.e., the cathode) collide with neutral gas atoms or 
molecules to create ions or other reactive species and 
additional-electrons, thereby initiating and maintaining 
a highly conductive glow discharge in a region adjacent 
to the electrode. This glow discharge or plasma is sepa 
rated from the electrode surface by a dark space or 
plasma sheath. 

Since the plasma is essentially equipotential, the volt 
age drop between the plasma and the electrode occurs 
in the plasma sheath, and the direction of the electric 
?eld is normal to the electrode surface. Consequently, 
the ions and other reactive species generated in the 
plasma, which typically carry a positive charge, are 
attracted to the electrode surface and travel from the 
plasma to the surface primarily in a direction parallel to 
the electric ?eld lines. In the plasma processes consid 
ered here, the electrode serves as a substrate support, so 
when the ions or reactive species reach the surface of 
the substrate they either activate or take part in chemi 
cal reactions resulting in the respective resist develop 
ment, layer etching, and resist stripping. 
The kinetic energy required for the chemical reac 

tions involved in plasma processing are much lower, 
however, than the energies typically encountered in 
diode sputtering (several electron volts as compared 
with several hundred ev). The excess ion energy avail 
able in a sputtering system, therefore, would merely 
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generate heat if used for plasma etching. This is highly 
undesirable because the polymeric materials used for 
etch masks cannot generally be used at temperatures 
above about 250° C. 

It is well known to increase plasma density in cathode 
sputtering processes by the use of a magnetic ?eld. This 
causes a spiraling electron path and thus increases the 
probability of an ionizing collision with a gas molecule 
or atom. Particularly effective for increasing the ioniza 
tion ef?ciency of plasmas are electron-trapping mag 
netic ?elds in which the lines of magnetic force cooper 
ate with the electrode surfaces to form a completely 
enclosed region, preferably in which the magnetic ?eld 
is orthogonal to the electric ?eld. 

It has been proposed to use magnetic enhancement 
also in lower energy plasma processes such as the bias 
sputtering and plasma etching processes described 
above. In one proposed arrangement, an electrode is 
formed with a prismatic body having several ?at faces, 
constituting substrate support surfaces, arranged sym 
metrically about an axis. First and second magnetic pole 
pieces of opposite polarity project outwardly from the 
faces and extend completely around the electrode body 
at respective ends of the body, the resulting structure 
being basically spool-shaped. A magnetic ?eld extend 
ing between the pole pieces thus forms a continuous belt 
around the body of the electrode adjacent to the sub 
strate support surfaces. 
“ The symmetrical prismatic spool shape of this previ 

" 'ously proposed electrode provides multiple substrate 
"support surfaces and is particularly suited to be 
{mounted for rotation about its axis so that, in bias sput 
" t'ering applications, each face can be directed in succes 
sion toward one or more sputtering targets. The pris 
matic shape also permits loading or processing a large 
number of substrates for a given size of electrode. 
Lil/‘The symmetrical prismatic electrode must be cen 
‘trally positioned in a vacuum chamber, however, and 
‘requires substrate holding devices because no more than 
‘one of the substrate support surfaces can be horizontal 
facing upwards. Many commercial sputtering systems, 
and particularly those used for integrated circuit pro 
duction on ceramic wafers, are arranged to process the 
wafer substrates lying ?at. A symmetrical prismatic 
electrode is not adapted for installation in such equip 
ment. 

In addition, the plasma region produced by such 
prismatic spool-shaped electrodes tends to be nonuni 
form, since the belt-like magnetic ?eld bulges outward 
at its center region. This causes the plasma thickness to 
be greater at the center region than at the ends of the 
electrode body, thereby resulting in a nonuniform pro 
cessing of the substrate surfaces. 

SUMMARY OF THE INVENTION 

A principal object of the present invention is to pro 
vide a magnetron substrate support electrode adapted 
for use in chambers in which the substrate lies ?at. 
Another object of the present invention is to provide 

a magnetron electrode structure that produces uniform 
plasma processing of the exposed surface of a substrate 
supported by the electrode. 
These and other objects are achieved by a magnetron 

electrode that includes a rectangularly parallelepipedal 
body, the thickness of which is substantially less than its 
width and length, and two magnetic members constitut 
ing a ?rst magnetic pole of one polarity disposed at one 
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4 
end of the body and a second magnetic pole of opposite 
polarity at the other end of the body. 
One face of the electrode body is a substrate support 

surface, and each magnetic pole member projects be 
yond this face for the full width of the electrode body, 
so that a magnetic ?eld extends longitudinally between 
the ?rst and second poles for the full width of the elec 
trode body adjacent to the substrate support surface. 
Preferably, the magnetic pole members project from 
both faces and the side edges of the body to form a 
continuous, peripheral flange at each end such that the 
magnetic ?eld between the ?rst pole and second pole 
surrounds the electrode body like a belt. 
To improve uniformity of processing of the surfaces 

of a substrate placed on the electrode, an auxiliary mag 
net means can be positioned in spaced relation to and 
facing the electrode support surface, the auxiliary mag 
net means having a third pole member positioned adja 
cent to the ?rst pole member of the electrode and hav 
ing the same polarity. A fourth pole member of the 
auxiliary magnet is positioned adjacent to the second 
pole member of the electrode. The strength and loca 
tion of the auxiliary magnet are such that the resultant 
?eld adjacent to the substrate support surface is flat 
tened and extends substantially parallel to the support 
surface. 
The above and other objects and features of the in 

vention, as well as its advantages over the prior art will 
be more apparent from the following detailed descrip 
tion in connection with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a semi-schematic view of a plasma process 
ing apparatus including a magnetron electrode accord 
ing to the present invention. 
FIG. 2 is a perspective view of the magnetron elec 

trode shown in FIG. 1. 
FIG. 3 is a simpli?ed elevation view in cross section 

of the magnetron electrode of FIG. 1 with an auxiliary 
?eld-shaping magnet means. 
FIG. 4 is a simpli?ed elevation view of the magnetron 

electrode of FIG. 1 with an alternative auxiliary ?eld 
shaping magnet means. 

- FIG. 5 is a simpli?ed elevation view in partial cross 
section of a symmetrically prismatic magnetron elec 
trode with an annular auxiliary ?eld-shaping magnet 
means. 

FIG. 6 is a simpli?ed elevation view in cross section 
of an alternative embodiment of a magnetron electrode 
with an auxiliary ?eld magnet means. 
FIG. 7 is a plan view of an alternative embodiment of 

a magnetron electrode. 
FIG. 8 is a plan view of another alternative embodi 

ment of a magnetron electrode. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 illustrates in semi-schematic form a plasma 
processing apparatus 10 incorporating a substrate sup 
port electrode according to the present invention. The 
apparatus includes a hermetic chamber 11 having an 
open-ended shell 12 closed by a top sealing plate 13 and 
a bottom sealing plate 14. Not shown are conventional 
clamping means, such as bolts and nuts, and conven 
tional seals, such as O-ring seals, which are needed to 
provide the necessary vacuum-tightness of the chamber 
assembly. 
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A pump-out opening 15 in the bottom plate leads to a 

vacuum pump 16, and at least one reactant gas, such as 
oxygen, may be introduced into the chamber, either 
alone or with an inert gas, such as argon, from respec 
tive sources 17 and 18 through respective valves 19 and 
20 and inlet 21. . 

A magnetron substrate support electrode assembly 22 
extends into the chamber and is sealingly attached to the 
shell 12 by a mounting plate 23 and suitable fasteners 
and seals (not shown).v 
The substrate support electrode assembly 22 includes 

an electrode 24 of rectangular cross section carried by a 
tubular support 25 which is welded or otherwise at 
tached to mounting plate 23. 
The upper face 26 of the electrode serves as a support 

surface for a substrate 27, such as a conventional ce 
ramic disc or semiconductor wafer used in the manufac 
ture of integrated circuits. RF power is supplied from a 
power supply 28 via line 29 to a coupling 30 mounted on 
the outer end of the electrode assembly 22. The rf 
power supply can be of any commercially available 
type used in conventional plasma processing systems. 
Coupling 30 also may be equipped with. inletand outlet 
connections (not shown) for permitting a flow of cool 
ing water to the interior of the substrate support elec 
trode. 
With reference to FIGS. 2 and 3, the substrate sup 

port electrode 24 is an assembly comprising an elec 
. trode body 31 of electrically conductive nonmagnetic 
' ' material, such as copper or aluminum. Body 31 is gener~ 

ally in the form of a rectangular parallelepiped having a 
~ thickness dimension that is substantially less than its 

' :' length or width dimensions. In other words, it is “book 
shaped”,preferably with rounded side edges 32 and 33 

1 (see FIG. 2). 
Disposed within body 31 is at least one bar magnet 34 

extending longitudinally between a ?rst magnetic mem 
~ vber 35 constituting a-?rst magnetic pole and a second 
magnetic member 36 constituting a second magnetic 

» pole. The magnetic members are composed of magneti 
cally permeable material such as soft iron. Each mag 

-~n'etic' member is disposed at a respective end of the 
1 electrode body and projects outwardly from at least the 
support face 26 of the electrode body for the full width 
of the body. Preferably, the magnetic members 35 and 
36 also project from the obverse face 37 , and the side 
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of pole pieces 35 and 36, the material of the lids being 
inert to the reactive species in the glow discharge. 
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Referring again to FIG. 1, the illustrated plasma pro 
cessing equipment is capable of performing both bias 
sputtering and plasma etching. For the bias sputtering 
mode, a conventional target cathode assembly 43 is 
provided, the assembly being mounted by means of an 
electrical insulator ring 44 to the top of the chamber and 
being connected to the power supply via a line 45. In 
addition, a shutter 46 is mounted on a rod 47 that slid 
ably extends through a vacuum-sealed opening 108 in 
the shell of the chamber. 
The operation of the magnetron substrate support ‘ 

electrode will now be explained for both the bias sput 
tering and plasma etching modes. In the bias sputtering 
mode, after a substrate 27 to be sputter-coated has been 
placed on the support surface 26 of electrode 24, the 
vacuum pump 16 is turned on to evacuate the sputtering 
chamber 11. When a desired vacuum level has been 
maintained for long enough to suf?ciently outgas the 
components in the chamber, an inert gas, a reactant gas, 
or a mixture of inert gas and reactant gas, depending on . 

. the type of coating to be applied, is introduced into the 
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chamber through valves 19 and 20 until the desired 
operating pressure is reached; this is typically in the 
range of 0.1 to 50 millitorr. Sputtering power is next 
applied to the sputtering target 43, while the shutter 46 
is in position in front of the sputtering source. This 
allows the material sputtered from the source to be 
deposited initially on the shutter, until the sputtering 
target surface is clean and ready to deposit uncontam 
inated material onto the substrate. At an appropriate 
time, rf power is applied to the substrate support elec 
trode 24 to similarly sputter-clean the substrate. 
The procedure described up to this point is conven 

tional andwell understood in the art (see, for example, 
the discussions in Part 11-1 of “Thin Film Processes”, 
edited by J. L. Vossen and W. Kern, Academic Press, 
Inc., 1978, and in Chapter 7 of “Gas Discharge Pro 
cesses” by B. M. Chapman, J. Wiley & Sons, 1980). 
When the sputter-cleaning procedure is complete, the 

shutter is moved aside to permit the sputtered material 
' to be deposited on the substrate 27. After the desired 
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edges 32 and 33 to form continuous peripheral ?anges at 7 
each end of the electrode body. As a result a magnetic 
?eld, indicated by broken lines 38, extends longitudi 
nally across-the air gap between the ?rst and second 
magnetic poles and completely surrounds the electrode 
body like a belt or curtain. Thus, the magnetic ?eld in 
combination with ‘the electrode structure forms an en 
closed electron trap adjacent to the exposed surfaces of 
the electrode body. The strength of this magnetic ?eld 
is preferably in the range of approximately 50 to ap 
proximately 1000 gauss. 
When rf power is applied to the electrode, a dense 

glow discharge or plasma is created in this electron 
trap. To prevent this discharge from extending to the 
adjacent surfaces of the electrode assembly, a cup 
shaped dark space shield 39 is attached to an insulator 
40 which in turn is fastened to the magnetic pole piece 
35. A corresponding dark-space shield 41 is attached via 
an insulator 42 to the pole piece 36 mounted on the 
other end of the electrode body. In addition, to prevent 
contamination of the substrates 27, annular pole piece 
lids (not shown) can be fastened to the exposed surfaces 
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coating thickness has been reached, the shutter is re 
turned in front of the target, and the power is turned off. 
The procedure for conducting plasma etching is basi 

cally the same as described above, except that the target 
cathode and the shutter are not present. 

In either process, the application of rf power to the 
magnetron substrate support electrode 24 results in the 
formation of a dense gas discharge or plasma localized 
in the region of the magnetic belt which extends around 
the periphery of the electrode and is shown in cross-sec 
tion in FIG. 1 by the dashed magnetic lines, 38. The 
glow discharge itself occurs within the region 106 con 
tained within the diagonal lines. A similar con?ned 
discharge forms if a negative dc potential is applied to 
the electrode. Magnetic pole pieces 35 and 36 are ex 
posed to the plasma in the regions near the magnetic ~ ' 
gap. For this reason, they should be covered by pole 
piece lids (not shown) made of a material which is inert 
to the reactive species present in the plasma, if a reac 
tant gas is being used in the coating or etching process. 

It should be noted that the plasma region 106 extends 
towards, but does not reach and touch, those surfaces 
which are maintained at electrode potential. The space 
107 where no plasma exists is known as the plasma 
sheath region. It is well known that when an electrode 



.igfclose to the electrode surface. 
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is capacitively coupled to an rf power supply, the recti 
?cation properties of the plasma cause a dc bias to de 
velop between the electrode surface and the plasma. 
(see for example Chapter 5 of “Gas Discharge Process” 
by B. N. Chapman). The bias is such that the plasma is 
positive with respect to the electrode, except for a very 
short time period during each rf cycle. This dc bias 
creates an electric ?eld in the plasma sheath region 
which is everywhere perpendicular to the electrode 
surface. The plasma itself is substantially free of electric 
?elds. 
The mechanism of ion formation in the plasma (and 

reactive radical formation when a reactant‘ gas is used) 
starts with the emission of electrons from the negatively 
biased electrode surface. These so-called primary elec 
trons are accelerated towards the plasma by the electric 
?eld in the plasma sheath 107, gaining suf?cient energy 
to cause ionization and reactive species formation upon 
collision with neutral gas atoms. In the absence of the 
magnetic ?eld, a large fraction of the primary electrons 
continues to move away from the electrode surface, 
thereby extending the glow discharge to regions which 
are far removed from the electrode surface. In addition, 
many do not collide with a gas atom before they reach 
an anode surface, so that the degree of ionization and 
reactive species generation is limited. 
The enclosed magnetic ?eld of FIG. 1 alters the elec 

tron trajectories, dramatically improving this situation. 
.Consider, for example, those electrons which are emit 
,T'ted from the electrode face 26 and from the exposed 
"surface of the substrate 27. Here the sheath electric ?eld 

. .is. perpendicular to the magnetic ?eld. As a result, the 
E><B electron drift motion is directed out of the plane 
of FIG. 1, causing the electrons to circulate around the 
periphery of the prismatic electrode, remaining at all 
“times in the magnetic belt, very close to substrate 27, 
,whereby ionization or reactive species generation in 
:duced by these electrons is con?ned to a plasma region 

The electrons emitted from the projecting pole piece 
surfaces are con?ned in a different way. Here, the 
sheath electric ?eld lines are parallel to the magnetic 
?eld lines, so the electrons, after acceleration into the 
plasma region, continue to move in a spiralling manner 
parallel to the magnetic ?eld lines. This motion carries 
the electrons to the opposite surface. However, upon 
approaching the opposite sheath ?eld, the electrons are 
repelled back into the plasma and are consequently also 
trapped, oscillating to and fro close to the substrate 
surface. 
Thus, all the electrons are trapped by the combined 

action of the closed loop E><B drift and the oscillating 
to and fro motion. Electrons can escape from this trap 
only slowly when collisions with gas atoms cause them 
to cross magnetic ?eld lines until they ?nally move to 
the dark space shields 39 and 41, whereupon they are 
removed from the discharge. 
The radial spacing between the electrode substrate 

support face 26 and the plane de?ned by shields 39 and 
41 largely determines the thickness of the plasma belt 
106. Although this belt is maintained closely adjacent to 
the exposed substrate surface, it can be seen that the 
magnetic ?eld lines curve or bulge convexly outward in 
the central region between the poles. Since the inner 
and outer envelopes of the glow discharge region con 
form generally to the magnetic ?eld ‘lines, it is clearly 
apparent from FIG. 1 that both the plasma and the 
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8 
sheath ?eld are substantially thicker in the mid region 
than near the poles. 

It has been found that the nonuniform thickness of the 
plasma belt and sheath ?eld creates nonuniform results 
over the surface of the substrate. This is due to the fact 
that the positive ion trajectories are determined pre 
dominantly by the plasma sheath electric ?eld; their 
mass is so much greater than that of the electrons that 
the positive ions are virtually unaffected by the mag 
netic ?elds used in this device (typically 50 to lOOO 
Gauss). The sheath ?eld here causes some of the posi 
tive ions to be accelerated toward the electrode surfaces 
and, more importantly, toward the substrate surface, 
thereby causing some unwanted sputtering from the 
electrode and back sputtering from the substrate. The 
thicker the sheath ?eld, the longer is the path over 
which the ions will be accelerated. Thus, they arrive at 
the substrate with the greatest energy where the sheath 
?eld is the thickest. 
An important aspect of the present invention is the 

use of an auxiliary magnet means to shape the magnetic 
?eld to be ?atter and more concentrated closely adja 
cent to the electrode surface. With reference to FIG. 3, 
this ?eld shaping is accomplished by an auxiliary mag 
net 48 spaced from and facing the substrate support 
surface of the electrode 24. The auxiliary magnet 48 
includes two bar magnets 49 and 50 positioned adjacent 
to the ?rst and second magnetic pole members 35 and 
36, respectively, of the electrode assembly. Each mag 
net 49 and 50 extends parallel to and for the full width 
dimension of the electrode body (i.e. perpendicularly to 
the plane of the drawing), and each is magnetized so 
that one side edge is an N pole and the opposite side 
edge is an S pole. 
The two magnets 49 and 50 are oriented in bucking 

relation to the ?rst and second poles of the electrode, 
that is, like poles facing each other, and a magnetic 
circuit is completed between the other poles of these 
magnets by a bar or plate 51 of soft iron or other mag 
netically permeable material. Thus, the three-piece as 
sembly constitutes a magnet that is U-shaped in cross 
section and presents a third pole 52, close to and of the 
same polarity as the ?rst pole 35 of the electrode, and a 
fourth pole 53, close to and of the same polarity as the 
second pole 36 of the electrode. 
As can be seen from FIG. 3, the auxiliary magnet 48 

produces magnetic lines of force 54 spanning the air gap 
between its poles and bulging outward in opposition to 
the magnetic ?eld lines 38 of the electrode. As a result, 
the bulge of the magnetic ?eld 38 is flattened and the 
?eld is concentrated close to the electrode surface 26. 
Consequently, the thickness of the plasma region 106 
and the thickness of the plasma sheath 107 are both 
reduced and made more uniform. 
FIG. 4 shows an alternative arrangement of an auxil 

iary magnet, with other components of the electrode 
structure being identical to those shown in FIG. 3 and 
identi?ed by the same reference numerals. The auxiliary 
magnet 55 reverses the location of the magnet and the 
permeable material. Thus, one or more bar magnets 56 
extend longitudinally between permeable pole pieces 57 
and 58. The magnetic result is basically the same, how 
ever, with pole piece 57 forming an S pole adjacent to 
the S pole of the electrode, and pole piece 58 forming an 
N pole adjacent to the N pole of the electrode. As be 
fore, the bulge of the magnetic ?eld lines 38 is ?attened, 
and the lines are concentrated closer to the electrode 
surface. 
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The ?eld-shaping magnet of the invention can also be 
adapted for use with the previously proposed prismatic 
electrode discussed earlier. With reference to FIG. 5, a 
magnetron electrode 61 has an octagonally prismatic 
body 62 with ?anged magnetic pole pieces (not shown) 
at each end covered by dark space shields 63 and 64. 

, The body of the electrode is coaxially surrounded by an 
annular auxiliary magnet 65. The auxiliary magnet com 
prises a cylindrical ring magnet 66 with ?at annular pole 
pieces 67 and 68 of magnetically permeable material. 
The inner circumferential edges of the pole piece rings 
therefore become the poles of the auxiliary magnet and 
are disposed in bucking relation to the magnetic poles of 
the electrode. As a result, the magnetic ?eld lines 69 of 
the electrode are flattened and concentrated by the 
magnetic ?eld lines 70 of the auxiliarymagnet. 

It will be apparent that the ?eld-shaping effect of the 
auxiliary magnet depends on its ?eld strength and on 
the location of its poles relative to the poles of the elec 
trode. The poles of the auxiliary magnet may be spaced 
closer together than the spacing of the poles of the 
electrode magnet structure, they can be spaced the same 
as the electrode magnet poles, or they can be spaced 
further apart. The pole ends of the auxiliary magnet 
structure can themselves be shaped to affect the ?eld 
shaping. For example, the ends 71 and 72 of pole pieces 
57 and 58 of the auxiliary magnet structure in FIG. 4 are 
inclined at an angle- toward the substrate support sur 

. face of the electrode. 
In addition, the electrode magnet structure can have 

" pole pieces which do not extend beyond the faces or 
. side edges of the electrode body. As shown in FIG. 6, a 
substrate support electrode body 73_is provided with at 
least one internal bar magnet 74, as in the above 
described embodiment of FIG. 3. Pole pieces 75 and 76 

-' are disposed at respective ends of the electrode body 

10 
geously shaped by varying the spacing of the pole 
pieces of the electrode over the width dimension of its 
substrate support surface FIGS. 7 and 8 show two ex- ' 
amples of such variation in spacing. In FIG. 7, a ?at 
book-shaped magnetron electrode 89 supports a sub 
strate 90 on its upper face 91. Pole pieces 92 and 93 at 
opposite ends of the electrode have nonparallel faces 94 
and 95, respectively, so that the ?eld increases in inten 
sity from side edge 96 to side edge 97. 
The purpose of the nonparallel pole pieces of FIG. 7 

is to compensate for nonuniform plasma thickness over 
, the substrate due to the effect of electron drift. With the 
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magnetic poles arranged so that electron drift occurs in 
the direction of arrow 98 around the body of the elec 
trode, centrifugal force as the electrons drift around 
edge 97 from the obverse side of the electrode causes 
the plasma to be thicker above edge 97 than above edge 
96. By having closer spacing between the pole pieces 
adjacent to edge 97, the intensi?ed ?eld counteracts the 
outward drift of the electrons. \ _ 

Instead of straight nonparallel surfaces 94 and 95 of 
FIG. 7, the magnetron electrode 99 of FIG. 8 has pole 
pieces 100 and 101 with curved edges 102 and 103, 
respectively, which may be provided to produce a de- - 
sired ?eld shape and intensity to achieve a uniform 
plasma thickness over the total area of a substrate 104. 
Although the magnetron electrode and auxiliary 

magnets of FIGS. 3 through 6 are shown without sup 
porting structure, it will readily be apparent to one of 
ordinary skill in the art how to mount these components 
in proper relation to each other, both physically and 

_ electrically, within or external to a vacuum chamber of 

and carry corresponding dark space shields 77 and 78 I 
:mounted on insulating spacers 79 and 80, respectively. 

In the embodiment of FIG. 6, the pole pieces do not 
extend above the substrate support surface 81 of the 
electrode body but, instead, are recessed so that the top 
"surfaces of the dark space shields can be substantially 
flush with the substrate support surface. This ?ush sur 
face arrangement simpli?es the design of automatic 
loading and unloading equipment for a substrate 82 to 

. be placed on the support surface. Although the pole 
pieces are shown recessed from the lower face of the 
electrode body as well as from the upper face, this is not 
essential. Thus, a magnetron electrode could have a 
flush top surface and a ?ange-like extension of the pole 
pieces from the side edges and obverse face of the elec 
trode body, if desired. 
As in the previously described magnetron electrode 

embodiments, the pole pieces produce a magnetic ?eld 
83 that surrounds the exposed surfaces of the electrode 
body, thereby creating a closed electron-trapping ?eld 
adjacent to the surfaces of the body between the poles. 
An auxiliary ?eld shaping magnet 84 is positioned 
above the substrate support surface 81 and comprises a 
bar magnet 85 having pole pieces 86 and 87 attached 
one at each end. The magnetic ?eld 88 produced by the 
auxiliary magnet ?attens and concentrates the ?eld 
above substrate 82, thereby increasing the uniformity of 
the resulting plasma generated during operation of the 
electrode. 

In addition to the use of auxiliary magnets, the ?eld 
over the substrate support surface of the ?at magnetron 
electrode of the present invention can be advanta 
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a plasma processing system such as that shown in FIG. 
‘1. It will be further apparent that modi?cations can be 
made and equivalent elements substituted for the partic 

> ular embodiments described herein without departing 
from the spirit and scope of the invention. 
We claim: 
1. A plasma processing equipment including an evac 

uable chamber; 
means for evacuating the chamber; . 
means for introducing a preselected reactant gas into 

the chamber; - 
a cathode mounted in an upper part of the chamber 

I and having a downward-facing sputtering surface; 
an electrode disposed beneath the cathode for sup 

porting a substrate, the electrode comprising: 
a body having substantially the shape of a rectan 

gular parallelepiped with mutually orthogonal 
length, width, and thickness dimensions, the 
thickness of the body being substantially less 
than the length and width of the body, the length 
and width dimensions de?ning a horizontal up 
ward-facing substrate support face and an ob 
verse face, the length and thickness dimensions 
de?ning opposite side edges, and the width and 
thickness dimensions de?ning opposite ends of 
the body, and 

two magnetic members, each disposed at a respec 
tive end of the electrode body, one of the mag 
netic members constituting a ?rst magnetic pole 
of one polarity and the other magnetic member 
constituting a second magnetic pole of opposite 
polarity, so that a magnetic ?eld extends be 
tween the magnetic members adjacent to the 
faces and side edges in a continuous belt sur 
rounding the body; and 
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a power supply connected to the sputtering cath 
ode and the substrate support electrode for deliv 
ering electrical energy to the sputtering cathode 
at a ?rst predetermined voltage appropriate for 
causing sputtering from said sputtering surface 
and for delivering electrical energy to the sub 
strate support electrode at a second predeter 
mined voltage appropriate for causing ionization 
of the reactant gas adjacent to the substrate sup 
port surface without causing signi?cant sputter 
ing from a substrate on said support surface. 

2. The plasma processing equipment of claim 1, 
wherein each magnetic member projects beyond the 
faces and the opposite side edges of the body of the 
electrode to form a continuous peripheral ?ange at the 
respective end of the body. 

3. The plasma processing equipment of claim 1 or 2 
wherein the side edges of the body are convexly 
rounded in cross section. 

4. The plasma processing equipment of claim 1, 
wherein the magnetic members comprise pole pieces of 
magnetically permeable material, and the substrate sup 
port electrode further comprises at least one magnet 
disposed within the body and extending longitudinally 
between the pole pieces. 

5. The plasma processing equipment of claim 1, fur 
ther comprising: 

a dark space shield of electrically conductive material 
surrounding each magnetic member and 

means for mounting each dark space shield in electri 
cally insulated spaced relation to the respective 
magnetic member. 

6. In a lower pressure chamber of a plasma processing 
device, a magnetron electrode apparatus for use as a 
substrate support electrode, the magnetron electrode 
apparatus comprising: 

an electrode body having a ?at horizontal upward 
facing retangular processing surface, with a length 
de?ned between ?rst and second ends of the body 
and a width de?ned between two side edges of the 
surface; 

magnet means including ?rst and second magnetic 
members disposed at the ?rst and second ends of 
the electrode body, respectively, the ?rst magnetic 
member constituting a ?rst magnetic pole of one 
polarity and the second magnetic member consti 
tuting a second magnetic pole of opposite polarity, 
so that a magnetic ?eld extends between the ?rst 
and second magnetic poles continuously around 
the body; and 

additional magnet means having third and fourth 
magnetic poles disposed in spaced relation above 
the ?rst and second magnetic poles, respectively, 
and facing the processing surface, said third mag 
netic pole having the same polarity as the ?rst 
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magnetic pole and said fourth magnetic pole hav 
ing the same polarity as the second magnetic pole. 

7. The magnetron electrode apparatus of claim 6, 
wherein said third and fourth magnetic poles each com 
prises a magnet having a pole facing the processing 
surface of the electrode body and a member of magneti 
cally permeable material connecting the other poles of 
each of the magnets comprising said third and fourth 
poles. 

8. The magnetron electrode apparatus of claim 6, 
wherein said third and fourth magnetic poles comprise 
pole pieces of magnetically permeable material, each 
pole piece having a surface facing the processing sur 
face of the electrode body, and the additional magnet 
means further comprises a magnet extending longitudi 
nally between said pole pieces. 

9. The magnetron electrode apparatus of claim 8, 
wherein said surface of each pole piece facing the pro 
cessing surface is inclined at an angle with respect to 
said processing surface. 

10. The magnetron electrode apparatus of claim 6, 
wherein said electrode body has substantially the shape 
of a rectangular parallelepiped with mutually orthogo 
nal length, width, and thickness dimensions, the thick 
ness of the body being substantially less than the length 
and width of the body. 

11. The magnetron electrode apparatus of claim 10, 
wherein the ?rst and second magnetic members dis 
posed at the ?rst and second ends of the electrode body 
are non-parallel. 

12. The magnetron electrode apparatus of claim 10, 
wherein each magnetic member extends beyond the 
width and thickness dimensions of the body to form a 
continuous peripheral ?ange at the respective end of the 
body, so that the magnetic ?eld extending between said 
magnetic members completely surrounds the electrode 
body. 

13. The magnetron electrode apparatus of claim 6, 
wherein said electrode body has a prismatic shape with 
a regularly polygonal cross section, said processing 
surface comprising one of the faces of the prismatic 
body, and said third and fourth poles of said additional 
magnet means comprises annular poles positioned coax 
ially with respect to said prismatic electrode body. 

14. The magnetron electrode apparatus of claim 13, 
wherein each face of said prismatic electrode body 
comprises a plasma processing surface. 

15. The magnetron electrode apparatus of claim 14, 
wherein the additional magnet means comprises a mag 
net in the form of a cylindrical shell, and two flat annu 
lar pole pieces abutting the respective ends of the mag 
net and constituting said third and fourth poles. 

16. The magnetron electrode apparatus of claim 15, 
wherein the inner diameter of each ?at annular pole ' 
piece is less than the inner diameter of the cylindrical 
magnet. 
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